Follide stimulating hormone (FSH) plays essential roles in the maintenance and development of oocytes and spermatozoa in normal reproductive physiology. FSH possesses two subunits, a and P, the latter being responsible for FSH biological specificity. (6) (7) (8) , and mouse and bovine TSH (9, 10) have been characterized, it is surprising that the DNA sequence encoding the /3 chain of FSH has yet to be described from any species. The amino acid sequences for the ovine, human, equine, and porcine (3 chains of FSH are known, and we have used highly conserved regions of amino acid sequence within these structures to construct two long synthetic oligonucleotide probes. These probes were used to screen a bovine anterior pituitary cDNA library, and the resultant positive clones were characterized by DNA sequence analysis.
Follicle stimulating hormone (FSH) is a glycoprotein hormone secreted by the anterior pituitary (1, 2) . It induces growth of the seminiferous tubules, maintains spermatogenesis, and is responsible for the growth of the follicle that, in turn, produces estrogen and stimulates endometrial growth in the uterus. FSH is one member ofa family offour structurally related glycoprotein hormones that includes chorionic gonadotropin (CG), luteinizing hormone (LH), and thyroid stimulating hormone (TSH). These polypeptides consist of two dissimilar subunits that are noncovalently linked together. The a subunit is common to all four hormones within a single species (3) , while the ( subunits are unique and confer biological specificity. In as much as the P-subunit gene sequences for human CG and LH (4, 5) , rat LH and TSH (6) (7) (8) , and mouse and bovine TSH (9, 10) have been characterized, it is surprising that the DNA sequence encoding the /3 chain of FSH has yet to be described from any species. The amino acid sequences for the ovine, human, equine, and porcine (3 chains of FSH are known, and we have used highly conserved regions of amino acid sequence within these structures to construct two long synthetic oligonucleotide probes. These probes were used to screen a bovine anterior pituitary cDNA library, and the resultant positive clones were characterized by DNA sequence analysis.
MATERIALS AND METHODS
Bovine anterior pituitary polyadenylylated mRNA was prepared from freshly frozen tissues (11) and used to construct an oligo(dT)-primed cDNA library of 6 x 106 clones in which double-stranded cDNA was initially ligated to an adaptor containing EcoRI and Sal I sites and subsequently ligated to the XgtlO vector (12) . The two long synthetic oligonucleotide probes in Fig. 1 were synthesized with an Applied Biosystems Model 380A DNA synthesizer and purified by reverse phase liquid chromatography (15) . These probes were 5' end-labeled using polynucleotide kinase and [32P]ATP (16) and were used to screen 250,000 clones. Prehybridizations (2 hr) and hybridizations (.12 hr) of blotted nitrocellulose filters (10,000 plaqueforming units per filter) with 32P-labeled probes were carried out in duplicate in 2x hybridization buffer [10x SSC (1.5 M NaCl/0.15 M sodium citrate, pH 7.0)/10 mM NaPO4, pH 7.2/1Ox Denhardt's solution (0.2% Ficoll/0.2% polyvinylpyrrolidone/0.2% bovine serum albumin)/herring sperm DNA at 0.2 mg/ml/Escherichia coli RNA at 20 tzg/ml/0.2% NaDodSO4] diluted to 1x concentration with distilled H20 and formamide to give a final 40% (vol/vol) formamide concentration (17) .
These incubations were performed at 370C using 1-3 ,uCi of 32P-labeled probe (1 Ci = 37 GBq) and 5-10 ml of hybridization buffer per filter in 15-cm diameter glass crystallizing dishes. The filters were then washed in 0.2x SSC/0.1% NaDodSO4 for 30 min at 400C and exposed to x-ray film with intensifying screens at -800C. Positive clones were screened again to isolate pure plaques. The cDNA inserts were excised with Sal I and inserted into the M13mp18 phage vector for further manipulations including DNA sequence analyses using the dideoxy chain termination method (18) . Both strands of positive clones were completely sequenced to ensure sequence accuracy. RNA gel blot (19, 20) analyses of bovine pituitary RNA were done using nick-translated cDNA inserts (specific activity, 108 cpm/,ug) from the positive clones (16) .
RESULTS
The long synthetic oligonucleotide probes in Fig. 1 species. The chosen codon selections (13, 17) resulted in only 8 base mismatches in the 47-mer (probe 73-88) and 11 base mismatches in the 50-mer (probe 90-106) when compared to the bovine mRNA sequence. Only two positive clones were found when 250,000 clones were screened with these probes. DNA sequence analyses ultimately confirmed that both positives did encode the FSH (-chain sequence. A subsequent screening of 820,000 clones with a nick-translated FSH ,B-chain cDNA insert yielded only six positive clones.
The full cDNA and deduced protein sequences for the two positive clones are shown in Fig. 2 . The 490-base-pair (bp) clone L contains a 49-bp 5'-untranslated region and a probable ATG initiation codon at position 50 whose surrounding sequence is consistent with that of most eukaryotic initiation codons (21) . Following this is a putative 20-amino acid signal peptide (23, 24) and the 109-residue mature hormone; a TAA termination codon immediately follows the carboxyl-terminal glutamic acid of the mature sequence. The 401-bp clone H is identical to clone L except that (i) the 5' sequence of clone H extends only to amino acid residue 16 (cysteine) of the mature hormone, (ii) the 3'-terminal sequences (bases 491-553) of the two clones are different, and (iii) the H clone lacks a poly(A) tail and apparently utilizes a different (and unseen) polyadenylylation signal (22) than the L clone.
RNA gel blot analysis of bovine pituitary RNA (Fig. 3 ) indicates that the full length mRNA encoding the chain of FSH is "1.7 kilobases (kb) long. Hence, our longest clone (L) with its poly(A) tail is 41.1 kb short of a full length transcript, but does contain the entire coding sequence of the polypeptide. rich in hydrophobic amino acids with large side chains and terminate in a residue with a small neutral side chain (e.g., alanine, glycine, or serine) (23, 24) ; the utilization of serine (-1) as the last amino acid in the leader sequence fulfills these requirements and is consistent with the identification of 12 homologous cysteines in the mature ,B subunits of virtually all the characterized members of this glycoprotein hormone family (i.e., the chain of CG, TSH, LH, and FSH). While signal peptides typically contain zero to two cysteines, it is interesting to note that the 8 chain of FSH signal sequence is unusually cysteine-rich, containing five cysteines.
The bovine , chain of FSH mRNA has several interesting features. (i) It is considerably larger (1.7 kb) than mRNAs encoding rat TSH P chain (8), LH ,B chain (7) (0.7 kb), or human CG ,-chain (4) (0.9 kb). (ii) The H and L clones may reflect the presence of two RNA species for P chain of FSH.
The H clone lacks a poly(A) tail and probably resulted from random priming during the reverse transcriptase step of cDNA synthesis. If the mRNA represented by the H clone possesses a long 3'-untranslated region, then the relatively high abundance of the 1.7-kb ,3chain of FSH mRNA seen on RNA gel blot analysis (Fig. 3) and the low frequency of (8 chain of FSH clones in the library could be accounted for by the difficulty of obtaining full-length reverse transcripts of large mRNAs and by the relative rarity of random priming events during first-strand cDNA synthesis. Following this line of reasoning, if the presumably shorter L clone represents only a small fraction of the total , chain of FSH mRNA population, then this low molecular weight mRNA would be difficult to detect on the RNA gel blot analysis of Fig. 3 
